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(54) Method for coating particles 

(57) A method for coating inorganic particles with a 
metal compound is performed by the steps of: preparing 
a dispersion which comprises a metal salt and inorganic 
particles in a molten organic material which takes a solid 
form at 25°C, Is converted Into a polar liquid by heating 



and decomposes by further heating; and heating the dis- 
persion, whereby coating the inorganic particles with a 
metal compound which is converted from the metal salt. 
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Description 

FIELD OF THF INVENTION 

[0001 ] The present invention relates to a method for coating particles with a metal compound. 
BACKGROUN " nF THE INVENTION 

10002! It is known that chemica.ly or physical* instable particles are coated with a metal ,or eXamp,e ' 
b Hoi-go p-edure, a chemical vapor depostton (CVD) procedure^ ^^S3S£^Z by hydro.yzing 

a metal salt or a metal amoxiue, me nyui^ o f . orhea t e d until the qe decomposes. Thus, 

sir sss tzzez^xzzz^z^ * - - ■ — - 

S££e a large' cos, and .heiahrra .he cost -or ^^^^ ^-phosphorous inorgenic maerial 

KUntz^^^ 

phosphor matertal by prepadng a mixture o the ^.^f^ ' ^ ™ e pa * K5 «i en aqueous soludon 

^aZ^r^pTo^S — » - - - 

partiSi «h a phosphor precursor, ahd drying and tiring ,t»eoe,ed ^-J*^, or ^ ^ pp,^ 

P «»«l W ? 95 ' 29 ^ JSSTi !ZJ SirJJTISiaSJS ™«<S«« and hearing the nrbdare 
the steps of preparing a mixture of a meia n ™ ° . h fjn the complex oxide precursor. According 

:^p°^;S 

?^i£S^mZffZ£-* mven«on to provide a new me»od to, coadng penfc.es w«n a mere, 

Srspao.ioaih/. are oPiec, o, ,he invenbon is .o provide « medrod ,or preparing parWee oo.,ed w»h . rneml 
compound o. a large mickness at e low cost. 

SI IMMARY OF THF INVENTION 

poo,, The M« - - P-es.nt Invention have dfccaver*. "-j^^^S™ 

La.' compound (e.g.. e mjjd am » « - 5^~/,2^5^id--«p-- tr*«- 

.££ STSTS !£Si^ ee. (e.g., .mere, nirrare,, end herding are dfcpereion ,o 

decompose the organic material. — can be coated with a metal compound (e. 

[0010,' The inventors further have ^^^J^^^,^, bating the mixture to 

g., a metal oxide) by the steps of preparing a m, * ure * * ' j ® , m dis p ersed in a modified organic material. 

with a metal compound comprising the steps of: 

Sling the dispe^ion. whereby coebng ft. inorganic padlc.ee wim a maps, compound which la convert* .rem 
the metal salt. 

I0 01 2] According to the first method of the invention, the desired coated particles having a thick metal oxide coating 
T^^XoZ^lto n 6 aspect, the invention restoes in a second method for coating inorganic partes with 
a metal compound comprising the steps of: 



■ 
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preparing a first mixture which comprises a metal salt and an organic material which takes a solid form at 25°C, 
is converted into a polar liquid by heating, and decomposes by further heating; 

heating the first mixture to produce a precursor of the metal compound dispersed in a denatured organic mate-' 
rial, the precursor being converted from the metal salt; ^ 
5 preparing a second mixture of the inorganic particles and the precursor dispersed in the denatured organic material ; 

and 

heating the second mixture, whereby coating the inorganic particles with a metal compound which is converted 
from the precursor. 

10 [0014] According to the second method of the invention, inorganic core particles (e.g., Si0 2 particles) which may be 
soluble in the employed molten organic material can be easily coated with a thick metal oxide coating layer. Further, 
the second method can effectively keep ammonia-sensitive core particles (e.g. , BaT10 3 particles) from a reaction with 
ammonia produced from the molten organic material such as urea. Further, particles comprising a silicate can be 
produced from core particles comprising Si0 2 and a shell material comprising a metal oxide. 

15 [0015] Furthermore, the invention resides in the coated inorganic particles prepared by the above-mentioned meth- 
ods of the invention. 

[0016] The first and second methods of the invention are favorably employable for preparing a coated inorganic 
particle in which one of the core inorganic particle and the coated layer is made of a phosphor material and another is 
made of a dielectric material or an electroconductive material. Thus coated inorganic particle containing a phosphor 
20 material is favorably employed for manufacturing an electroluminescence (EL) display element, a f ield emission display 
(FED) element, and a plasma display panel (PDP) which utilize phosphor particles. 

BRIEF DESCRIPTION OF DRAWINGS 

25 [0017] Each Of Hgs. 1 and 2 is an electron micrograph (x 2,000 for Fig. 1 , and x5,000 for Fig. 2) of coated particles 
(core material: ZnS:Mn 24 , metal compound coat: Y 2 Oq) prepared by the first method of the invention in which the 
heating procedure was carried out by increasing the temperature at a rate of.5°C/min. up to 450°C. 
[0018] Each of Figs. 3 and 4 is an electron micrograph (x 2,000 for Fig. 3, and x5, 000 for Fig. 4) of coated particles 
(core material: ZnS:Mn 2+ , metal compound coat: Y 2 °^ prepared by the first method of the invention in which the 

30 heating procedure was carried out by increasing the temperature at a rate of 1°C/min. up to 450°C. 

[0019] Each of Figs. 5 and 6 is an electron micrograph (x 2,000 for Fig. 5, and x5,000 for Fig. 6) of the core particles 
(core material: ZnS:Mn 2+ , CRT grade) having no coat. 

[0020] Each of Figs. 7 and 8 is an electron micrograph (x 2,000 for Fig. 7, and x5,000 for Fig. 8) of core particles 
(core material: ZnS:Mn 2+ ) having no coat which were treated by dispersing in molten urea, heating and firing. 
35 [0021] Fig. 9 is a fluorescence spectrum of coated particles (core material: ZnS :Mn 2+ phosphor, coat material: Y 2 0 3 
dielectric material) which was prepared from core particles of ZnS:Mn 2+ phosphor and yttrium nitrate (for the formation 
of the metal compound coat). 

[0022] Fig. 1 0 is a fluorescence spectrum of coated particles which were prepared from core particles of ZnS, yttrium 
nitrate, and a dopant of manganese acetate. 
40 [0023] Each of Figs. 11 to 22 is a schematic section indicating a constitution of the dispersion EL device according 
to the invention. 

[0024] Each of Fig. 23 and Fig. 24 is a schematic section indicating a constitution of the multi-color displaying dis- 
persion EL device according to the invention. 

[0025] Fig. 25 is a graph indicating a light-extraction efficiency from a parallel plane. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] In the method of the present invention, the preferred embodiments are described below. 

so (1) The organic material is urea and/or carbohydrazide. 

(2) The metal salt is selected from the group consisting of metal nitrates, metal sulfates, and metal acetates. 

(3) The inorganic particles have a mean particle size in the range of 1 0 nm to 1 00 ujti. 

(4) The inorganic particles comprise an inorganic phosphor or an activated inorganic phosphor. 

(5) The inorganic particles comprises a dielectric material or an electroconductive material. 
55 (6) The metal compound is a phosphor or an activated phosphor. 

(7) The inorganic particles comprises an inorganic dielectric material and the metal compound is a phosphor or 
an activated phosphor. 

(8) The inorganic particles comprise a dielectric material and are coated with a phosphor or an activated phosphor 
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and the outer metal compound is a dielectric material. 

S The retal compound is selected from the group consisting of metal oxides, metal nitrides, metal oxyn.tr.des, 
metal sulfides, and/or metal oxysulfides. 

i 1 rr> The dispersion of the first method contains a dopant. 

\] 1 ) T*l hearing of the second step of the first method or the second step of the second method is performed at 

oSTheSn^ oHhes^nd step of the first method orthe fourth step of the second method is performed at a 

SSJSSI^" the second step of the first method or the fourth step of the second method is continued until 

SiTSS ?£S5SLp of the first method or the fourth step o^e— is continued unti, 

the oraanic material decomposes and further continued to a temperature of 700 to 1 ,500°C. 

0 5) T^e f St mhcture of the second method contains a dopant, orthe dopant is incorporated into the second m.xture 

0 ^ThTmetaSmpound coated around the inorganic particies has a thickness in the range of 1 nm to 10 urn, 

[0027] In the first place, the first coating method of the invention is described below by referring to the case in which 
urea is employed as the organic material. 

[Preparation of dispersion] 

[0028] First, molten urea in which a metal salt is dissolved is prepared, and the inorganic particles are dispersed in 

moSfTJ ZSS T^o^lLcles employed in the first method is selected from inorganic materials that 

Lre?ot s^bl^e morten urea'and do not react with urea in the heating steps .nor^amc maenals 

are noi so.uu earth element)i Ta o 5 , CaAl20 4 , CaW0 4 , SrAI 2 0 4 , 

SmSoS fcMF^cV and^aphite. These materials can contain a small amount of a metal ion or metal ,ons 

raSSrThlTno Janrp'aSs can be phosphor particies. dielectric materia, particies. e.ectroconductive materia. 
Ses^r pS of materia, which shows a high absorption for radiation such as X rays or electron rays. An 
actuated phosphor particles can be prepared by employing particles of matrix component, placng a dopant (actuator) 
.1^1^ urea and incorporating the dopant into the particles of matrix component in the course of placing a coating 
layer ZT^ P^TZZe pa nicZ can comprise particles of the same size and/or same materia.. Othen.se. 

h^Lre oarttoles can comprise two or more kinds of particles of different sizes and/or d.fferent matenate. 

0031 1 The m^ urea Effectively disturbs agglomeration of fine inorganic particles. Accordingly the .norgan.c par- 

SLn halTan opsone, shape, size, and particle distribution. For example, the inorganic parfc.es can be globular 
oartTclTs pSes cubt P artic.es P po.yhedra. partic.es, or pu.verized inorganic partic.es having .rregu.ar shapes. The 
fnJSSc oaitcleraeneral^ have a mean particle size in the range of 10 nm to 100 urn, preferably 30 nm to 30 jut.. 

00321 The ^mei. sattwhL is the starting compound of the meta. compound coating .ayer is se.ected from metal 
ia^l^ not react with urea and material of the inorganic particies, and the resulting meta. compound ,s eas.iy 

££ ^S^S^^nS^d. a.ka.i meta.s (e.g., Li. Na. K). a. k a.ine earth metals (e.g.. Mg Ca. 
Sr Ba), B aTs! Ic U Cr, Fe. Co. Ni. Cu. Zn. Ga. Y. Zr. Nb. Ag. Cd. In, Sn, Hg, Pb, and rare earth e.ements (e.g.. 

Sm' EU ExaS P 2s ^hfmeTa.Iarts L ?nc.ude nftrates, su.fates and acetates. Preferred are nitrates and acetates and 
^preferS are nitrates . If the metal is boron, it can be used in the form of a boric acd. The metal and meta. sa.t 

r^V^ZESZ* m a reaction vessel such as a separable flask and heated to a temperature 
[0035] i n « ur ^ a urea <135°C) so as to produce a molten urea containing the metal salt. 

See* of urea £^^d salt are heated to a temperature higher than the melting point of carbohy- 

? m s?C?ThVurea and metal salt can be utilized in an optional ratio depending on the nature and. amount of 

thTconaoarticTes ^^a coating amount, and nature of the meta. (such as coordination valency of the ^However, a 
the core parte es^ a coa j , ^ ^ can be smoothly obtained . 

P036] A smaTa^oS an aZte su* as a dopant can be incorporated into the molten urea. The dopant can 
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be an ion of Mn, Cu, Zn, Al, Tl, or a rare earth element (e.g., Ce, Pr, Nd, Eu, Gd, Tb, Eu t Tm). The metal ion dopant 
" can be incorporated into the molten area in the form of a nitrate, a sulfate or an acetate. The dopant is incorporated 
into the coating metal compound or the inorganic core particles in the following heating step and activates the material 
contained in the coating layer and the core particles. If the core material or the coating compound is a phosphor matrix 
s component, the dopant activates the matrix component. 

[0037] The molten urea can contain a small amount of an organic additive such as saccharose, so that the coating 
material (metal compound) in the molten urea can easily adhere to the surface of the core particle and form a well 
formed coat on the core particle. 

[0038] In the molten urea, the inorganic core particles are placed and dispersed uniformly. The amount of the core 
io particles can be optionally selected. A molar ratio of the core particles/metal salt generally is in the range of 1 0 6 /1 to 1 /1 0 . 
[0039] The inorganic core particles can be placed in the preparation of a mixture of urea and a metal salt. Otherwise, 
the metal salt and inorganic core particles can be incorporated into molten urea. 

[0040] The organic material can be other than urea and carbohydrazide, so long as the organic material takes a solid 
form at 25°C, is converted into a polar liquid by heating, and decomposes by further heating. For example, other urea 
15 derivatives can be employed. 

[Heating step] 

[0041] A dispersion of inorganic core particles in the molten urea containing a metal salt is then heated to a temper- 
20 ature higher than the melting point of urea but lowerthan the temperature at which the resulting metal compound sinters. 

[0042] The heating temperature generally is in the range of 150 to 450°C. The heating period generally is in the 

range of 10 min. to 24 hrs. The temperature can be kept constant or gradually increased during the heating step. The 

heating procedure can be performed under oxidative atmosphere (such as atmospheric condition), neutral atmosphere 

(such as in N2 gas or Ar gas), or vacuum condition. 
25 [0043] In the heating step, a part or whole of the molten urea decomposes to give a combustible gas which escapes 

from the reaction mixture, and the metal salt also decomposes to give a metal compound such as oxide, nitride, ox- 

ynitride, sulfide, or oxysuffide which is coated around the dispersed core particles. 

[0044] The heating step can be performed in the range of 150 to 1 ,500°C. If the heating is performed at a higher 
temperature, decomposed materials other than the metal compound easily escapes from the reaction mixture and the 
30 metal compound deposited on the core particle easily crystallizes. 

[0045] The surface-coated core particles obtained in the heating step can be pulverized, dispersed, and/or sieved, 
if necessary. 

[0046] Thus, inorganic particles coated with a metal compound such as oxide, nitride, oxynftride, sulfide, oroxysulflde 
are obtained. The coated metal compound may be an amorphous compound, a partly crystallized compound, or a fully 
35 crystallized compound depending on the heating condition. The particles coated with the amorphous compound or 
partly crystallized compound may be coated precursor particles which further can be heated to give a fully crystallized 
coating compound. 

[Firing step] 

40 

[0047] The inorganic particles coated with a metal compound which are obtained in the above-mentioned heating 
step are preferably further heated for firing, by the following procedures. 

[0048] The coated particles are placed in a heat-resistant vessel such as quartz boat, alumina crucible, or quartz 
crucible and fired in an electric furnace. The firing is performed generally at a temperature of 700 to 1 ,500°C, preferably 

45 700 to 1 ,300°C. The firing temperature may vary depending on the nature of the coated particles. The heating period 
generally is in the range of 1 0 min. to 1 00 hrs. The heating period may vary depending on the firing conditions and the 
nature of the coating compound. If the metal compound is a metal oxide, the firing is performed under reductive condition 
which is formed of inert gas containing a small amount of hydrogen (e.g., N2/H2, NH 3 gas), neutral condition such as 
inert gas condition (e.g., He, Ne, Ar, N,), oxidative condition which is formed of inert gas containing a small amount of 

so oxygen (e.g. , Ng/C^), or vacuum condition. If the metal compound is a metal nitride or oxynitride, the firing is performed 
under neutral condition, reductive condition , or vacuum condition. The firing procedure can be repeated under different 
firing conditions. The firing procedure can be performed following the above-mentioned heating procedure. 
[0049] The fired surface-coated core particles obtained in the firing step can be pulverized, dispersed, and/or sieved, 
if necessary. 

55 [0050] The firing procedure performed for the surface-coated core particles is effective to completely remove de- 
composition products from the metal compound coat and to completely crystallize the metal compound coat. Accord- 
ingly, if the metal compound coat is a phosphor material coat, the firing procedure is favorably employed. 
[0051] If the dopant is placed in the molten urea, the dopant such as a metal ion is incorporated and dispersed in 
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the metal compound coat or core particles, so that the metal compound coat or core particles can be activated (for 
^'^ST^uT^^ -ated around the core partic.es with a thickness o, genera.iy 1 nm to 10 
nm oreferablv 10 nm to 5 jxm. 

p)053] The second method of the invention can be performed in the following manner. 
[Preparation of molten urea] 

rnn-uii in the same manner as in the corresponding procedure of the first method, urea and the metal salt are placed 
0054] in the • * am * ™ an temperature higher than the melting point of the urea to give molten urea m which 

L'l^TSiSSStS. molten'urea, a small amount of an additrve such as a dopant can be incorporated so 
as to activate the coating material. 

[Heating step] 

moSBI The molten urea containing the metal salt is then heated to a temperature higher than the melting point of 
..«> a h..t lower than the temperature at which the resulting metal compound sinters. 

rnnLi ^e healing i temperature generally is in the range of 150 to 450°C. The heat.ng period generally s in the 
[ 1 f T^in To 24 hre The temperature can be kept constant or gradually increased during the heating step. The 
ZS££££™ * peSorSunder oxidative atmosphere (such as atmospheric condKion). neutral atmosphere 

(such as in N 2 0«orAr |JJ> ■ »^lTSK"u« decomposes but a remaining part . turned into a porymer 
Sal and me mS to give a metal compound such as oxide, nitride, oxynitrlde, sulfide, or 

^Anerthe heated^ 

compound STS i^nt^ -"matrix. This powder is named a mete, compound 

precursor. 

[Mixing the metal compound precursor with core particles] 

ronsoi The metal compound precursor obtained in the above-mentioned step is then mixed with the >^B>nteaor« 
SSs ThJcoS pamcles are mixed with the metal compound precursor in a molar ratio of 1 0*1 to V"&™" 
r J 2 whle the ratio may vary depending on the natures of the core particles and precursor and the desired coat ng 
Z±Tr^M cTt>e performed to? 10 min. to 24 hrs., by a dry procedure in a ball mil. or other known mixing 
J^lo Procedure a small amount of an additive such as a dopant can be incoiporated mto the mixture 

coat Further - a smaH amount of an orga : te additivas r ch 88 

sa^Srosecln be incon-rated into the mixture for placing the meta, compound coat firmly on the oore particles. 
[Firing step] 

ron*ni m the second method, the mixture obtained in the above-mentioned step is f ired in the same manner in the 
Z Method Z th" the metal compound coat * placed on the core particles. The resulting coated particles obtained 

t0 l t?he moC Se S in" Z^r^Z^orl^ the Sre partic.es are coated uniformly 
when it is in the molten state ana in xne f ° Ia 5 ^ thickness under well dispersed conditions. The coating methods 

° f ^T3^S^l£!^"3S2JnQ methods of the invention are favorably employed for preparing 
ZSXS^Z^^Z" Pa«iCe comprises a phosphor material. The coating methods grve no adverse 

SST TJT^ZIoT^ can be incorporated un^ly into 

Krth^r wTa metal compound. The inorganic core particles having a preliminary coat can be prepared by the 
coaling ^elhod ofthe invention or by the known coating method such as the sol-gel method. 
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[0064] The inorganic particles coated by the method of the invention are explained below by referring to the attached 
drawings. 

[0065] Each of Figs. 1 and 2 is an electron micrograph (x 2,000 for Fig. 1 , and x5 : 000 for Fig. 2) of coated particles 

(core material: ZnSiMn 24 , metal compound coat: Y 2 0 3 ) prepared by the first method of the invention in which the 

heating procedure was carried out by increasing the temperature at a rate of 5°C/min. up to 450°C. 

[0066] Each of Figs. 3 and 4 is an electron micrograph (x 2,000 for Fig. 3, and x5, 000 for Fig. 4) of coated particles 

(core material: ZnS:Mn 2 *, metal compound coat: Y 2 0 3 ) prepared by the first method of the invention in which the 

heating procedure was carried out by increasing the temperature at a rate of t°C/min. up to 450°C. 

[0067] Each of Figs. 5 and 6 is an electron micrograph (x 2,000 for Fig. 5, and x5,000 for Fig. 6) of the core particles 

(core material: ZnS:Mn 2+ , CRT grade) having no coat. 

[0068] Each of Figs. 7 and 8 is an electron micrograph (x 2,000 for Fig. 7, and x5,000 for Fig. 8) of core particles 
(core material: ZnS:Mn 2+ ) having no coat which were treated by dispersing in molten urea, heating and firing. 
[0069] From Figs. 1 to 8, it is apparent that the coating method of the invention gives inorganic core particles (ZnS: 
Mn 2+ ) uniformly coated with a metal compound (Y 2 0 3 ). Particularly, if the heating procedure is performed by increasing 
the temperature at a slow increase rate, the well dispersed coated powdery product can be prepared. 
[0070] Fig. 9 is a fluorescence spectrum of coated particles (core material: ZnS:Mn 2+ phosphor, coat material: Y 2 0 3 
dielectric material) which was prepared from core particles of ZnS:Mn 2+ phosphor and yttrium nitrate (for the formation 
of the metal compound coat). The peak of the illustrated spectrum indicates that the coated particles comprise ZnS: 
Mn 2+ phosphor. 

[0071] Fig. 1 0 is a fluorescence spectrum of coated particles which was prepared from core particles of ZnS, yttrium 
nitrate, and a dopant of manganese acetate. From comparison the spectrum of Fig. 10 with the spectrum of Fig. 9, it 
is apparent that the dopant (Mn 2+ ) was incorporated into the core material. 

[0072] Table 1 indicates combinations of material of the core particles and materials of the metal compound coat 
employable in the method of the invention as well as employable in the known sol-gel method. 



Table 1 



(1) Method of the invention 




Coating material 


Core particle material 


Oxide 


Nitride 


Sulfide 


Covalent bonded oxide 


Yes 


Yes 


Yes 


Nitride 


Yes 


Yes 


Yes 


Sulfide 


Yes 


No 


Yes 


Halide 


Yes 


No 




Ferroelectric oxide 


Yes 


No 




(2) Sol-gel method 




Coating material 


Core particle material 


Oxide 


Sulfide 


Halide 


Covalent bonded oxide 


Yes 


Yes 


Yes 


Nitride 


Yes 


Yes 


Yes 


Sulfide 


Yes 


Yes 




Halide 


Yes 


* 




Ferroelectric oxide 


Yes 







[0073] In Table 1, the covalent bonded oxide means an oxide or a complex oxide in which a metal ion is relatively 
small and the chemical bonding between metal and oxygen is relatively short. Examples are Al 2 0 3 , Si0 2 , MgO, Y 2 0 3 , 
their combinations, and combinations of B20 3 with these oxides. 

[0074] The ferroelectric oxide means an oxide or a complex oxide having a high dielectric constant in which a metal 
ion is sufficiently large. Examples areTi0 2 , titanates (e.g., SrTiO a , BaTi0 3 , PbTi0 3 ), tantalum oxide, tantalates (e.g., 
BaTa^Oe), niobium oxide, and niobates (e.g., PbNb 2 O e ). The metal compound set forth in Table 1 can contain a dopant, 
if desired. 

[0075] In the coated inorganic particle prepared by the invention, the coating layer can serve as a layer for protecting 
the core particle. Otherwise, the coating layer can be formed of a phosphor material, a dielectric material, or an elec- 
troconductive material so that the coating layer can impart a performance of phosphor, dielectric material, or electro- 
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inductive material to the coated particle. The core particle also can be formed of a phosphor material, a dielectric 
material or an e^ctroconductive material so that the coating layer can impart a performance of phosphor, d.electnc 

m M Qrifl i nr Pif>etroconductive material to the coated particle. 

mo7 6 AccoSngiy the coating method of the invention is favorably emp.oyab.e for prepanng a coated inorganic 
S in whS one of the core Lrganic particle and the coated layer is made of a phosphor material and another .s 
made o a dScW rLeria. or an electroconductive materia.. Thus coated inorganic particle containing a phosphor 
ma ?eria is ^avoraWy Employed for manufacturing a dispersion type electroluminescence (EL) display element, a eld 
I „n HfeniaWFED^ element and a plasma display panel (PDP) which utilize phosphor particles. In these util za- 
r« he cta'aSSs of th e coating layer on the particles are important. The coating method of the present invention 
^dvTntaCus Sause the method enables to prepare coated particles having a thick coat with a high densrty. 
[oo^ Exiles of the constitutions of the coated particles are described below for venous uti.izations. 

(1> r^^^LT?,™^, CaS:Eu- SrS^e- BaA, 2 S 4 :Eu- GaNiEr 3 *, AJN:Tm**] 
Coating material: dielectric oxide [e.g., Y 2 0 3 , AlgOJ 

(2) Phosphor particles for FED device 

Core material: phosphor [e.g., Y 2 0 3 :Eu 3+ ] 

Coating material: electroconductive oxide [e.g., Sn0 2 , ln 2 0 3 ] 

(3) Phosphor particles for PDP device 

Core material: phosphor [e.g., BaMgAI 10 O 17 :Mn 2+ ] 
Coatina material : covalent bonded oxide [e.g., Y 2 0 3 , A^OJ 

In F^ED device and PDP device of the above-mentioned combination, the coating layer should be very thin. 

(4) Phosphor particles for EL device 

Core material: dielectric oxide [e.g. , BaTi0 3 , Sr710 3 , Ti0 2 ] CaO-Eu** ZnOZn 2 * 

Coating material: phosphor [e.g., Y 2 0 3 :Mn2-, ZnO:Zn, Ga 2 0 3 :Mn2- ZnGa 2 0 4 .Mn , CaO.Eu .ZnO.zn , 

Y 2 SiO s :Ce 3+ , CaGa 2 0 4 :Mn 2+ ] 

(5) Phosphor particles for FED device 

Core material: electroconductive oxide [e.g., Sn0 2 , In^J 

^?KS£3!25S^^P-« » .eep tha p.«o,a „om e,eo«,ca«o„ vrthoo, 

lowering luminance 

f6^ Phosphor particles for PDP device 

Core material: covalent bonded oxide [e.g., AfeO^ Y 2 Q 3 , AIN, YAG, ALON] . 

phosphor [e.g., Ba M gA. 14 0 24 :Eu^, BaMgAI 14 0 24 :Eu2* Mn^, CeMgAI^O^Tb^, 

BaAI 12 0 19 :Mn 2 +, YB0 3 :Eu3+] 

(7) Phosphor particles for EL device 

Core material: dielectric oxide [e.g., BaTi0 3 , SrTi0 3 , Ti0 2 ] - Ca0 ,p u 2 + 

F jrs t coating material (inner side): phosphor [e.g., Y 2 0 3 :Mn 2 + Ga 2 Q 3 :Mn 2 +, ZnGa 2 0 4 .Mn , CaO.Eu , 

ZnO - Zn 2+ CaGaoO^Mn 2 *] _ 1 

' Second coating material (outer side): dielectric oxide [e.g., BaT.0 3 , SrTi0 3 , Tio 2 ] 

,8> P ST~« , V 2 C, «30 S , YAG, AUON. S, 3 N, S.AUON, 

^^^^r^^r^^O,. T^ s . VA, A, 2 0 3 . YAG, ALON] 

""SSSSS^tKlM^A^ VAC l;^^^^ ^ 
First coaling material: phosphor [a.g.. Y s 0 3 :Mn*. GajCVMn.**. ZnGa^.Mn*', CaO.Eu , znczn . 

""l^oLing material: oialaotrlo oxkte (e.g.. BaTiO,. SrtlO,. T,0 2 , Ta 2 0„ Y^s, AfeO,, YAG. ALON] 
[Example 1 - single layer-coated particles] 

ZnS, coating material: Y 2 Q 3 ). 
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[Example 2 - phosphor particles for EL device] 

[0079] In a separable flask were placed urea (1 .8 M), yttrium nitrate (0.004 M), manganese acetate (0.002 M), and 
powdery zinc sulfide (0.046 M). The resulting mixture was heated to 150°C under stirring so as to melt urea. There 
5 was obtained a uniform molten liquid in which the powdery zinc sulfide was dispersed. Subsequently, the molten liquid 
is heated to 450 a C at a temperature elevation rate of 1 °C/min. : to solidify the molten liquid. The resulting solid product 
(foamed solid product) was pulverized and then fired at 900-1 ,000°C under reductive atmosphere (N2/H2), to give 
coated particles (core material: ZnS:Mn 2+ , coating material: Y 2 0 3 ). 

10 [Example 3 - phosphor particles for EL device] 

[0080] In a molten urea in which yttrium nitrate was dissolved was dispersed a powdery manganese-activated zinc 
sulfide phosphor. The molten urea composition was heated to decompose a portion of urea and a portion of yttrium 
nitrate, to solidify the molten urea composition. Thus, there was obtained a coated-particle precursor. 
15 [0081 ] The coated-particle precursor was fired under reductive atmosphere to remove the remaining organic material, . 
to obtain coated-particles (core material: ZnS:MN 2+ , coating material: Y 2 0 3 ). 

[0082] Separately, the above-mentioned procedures were repeated using CaS:Eu 2+ , SrSiCe 3 * BaAI 2 S 4 :Eu 2+ , GaN: 
Er 3 *, or AINiTm 3 * as core material and Y(N0 3 ) 3 or AI(N0 3 ) 3 as metal nitrate, to obtain coated-particles corresponding 
to the aforementioned (1 ) phosphor particles for EL device. 

20 

[Example 4 - phosphor particles for EL device] 

[0083] In a molten urea in which yttrium nitrate and manganese nitrate were dissolved was dispersed a powdery 
zinc sulfide phosphor. The molten urea composition was heated to decompose a portion of urea, to solidify the molten 
25 urea composition. Thus, there was obtained a coated-particle precursor. 

[0084] The coated-particle precursor was fired under reductive atmosphere to remove the remaining organic material, 
to obtain coated-particles (core material: ZnS:Mn 2+ , coating material: Y 2 0 3 ). 

[0085] Separately, the above-mentioned procedures were repeated using Gar^Er 3 * or AINfTm 3 * as core material 
and Y(N0 3 ) 3 or AI(N0 3 ) 3 as metal nitrate, to obtain coated-particles corresponding to the aforementioned (1 ) phosphor 
30 particles for EL device. 

[Example 5 - double coated phosphor particles for EL device] 

[0086] In a molten urea in which yttrium nitrate and manganese nitrate were dissolved was dispersed a powdery 
35 barium titanate. The molten urea composition was heated to decompose a portion of the composition, to solidify the 
molten urea composition. Thus, there was obtained a coated-particle precursor. 

[00871 The coated-particle precursor was fired under oxidative atmosphere to remove the remaining organic material, 
to obtain phosphor-coated particles. , 

[0088] Separately, barium acetate, titanium tetraisopropoxide, acetic acid, acetylacetone, ethanol, and water were 
40 mixed under stirring to prepare a sol. In the sol were dispersed the above-mentioned phosphor-coated particles. The 
sol composition was dehydrated to give a gel which was then dried to give a dry gel. The dry gel was decomposed by 
heating to give double-coated particles (core material: BaTi0 3 , first coating material: Y 2 0 3 :Mn 2 +, second coating ma- 
terial: BaTi0 3 ). 

[0089] The above-mentioned procedures were repeated using BaTi0 3 , SrTi0 3 , or Ti0 2 as core material and Y(N0 3 ) 3 , 
45 Zn (N0 3 ) 2 , Ga(N0 3 ) 3 , Ca(N0 3 ) 2 , Eu(N0 3 ) 3 , Ce(N0 3 ) 3 , and/or Mn(CH 3 COO) 2 as metal salt, to obtain single layer- 
coated particles, and further the sol-gel procedures were repeated using Ba(CH 3 COO) 2 . Sr(CH 3 COO) 2 , and/or . 
Ti((CH 3 ) 2 CHO) 4 as metal salt, to give double layer-coated particles corresponding to the aforementioned (7) phosphor 
particles for EL device. 

so [Example 6 - double coated phosphor particles for EL device] 

[0090] In a molten urea in which gallium nitrate and erbium nitrate were dissolved was dispersed a powdery yttrium 
oxide. The molten urea composition was heated to decompose a portion of the composition, to solidify the molten urea 
composition. Thus, there was obtained a coated-particle precursor. 
55 [0091] The coated-particle precursor was fired under reductive atmosphere (N^H 2 or NH 3 gas) to remove the re- 
maining organic material, to obtain phosphor-coated particles. 

[0092] Separately, barium acetate, titanium tetraisopropoxide, acetic acid, acetylacetone, ethanol, and water were 
mixed under stirring to prepare a sol. In the sol were dispersed the above-mentioned phosphor-coated particles. The 
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and further the so.-ge, procedu res were .^^^'i ^^^^ ,^2^,^ SLutf^ eoi»- 
Ta , rH \ CH o) 6 Y ((CH 3 ) 2 CHO) 3 , and/or Al ((CH 3 ) 2 CHO) 3 as meiai sdii, iu y 

2SS^^««^^ < 8 > p hosphor partic,es for EL device - 

[Example 7 - double coated phosphor particles for EL device] 

mixed under stirring to prepare a sol In the sol were £ d , The dry gel was decomposed by 

foo^The above-mentioned procedures were ^^^^^ 

matehal and Y (N0 3 ) 3 . Zn(N0 3 ) 2 , ^(NO^ SS^f2J^S2ilSS5 Ba(CH 3 COO) 2> Sr(CH 3 COO) 2 , 

to the aforementioned (9) phosphor particles for EL dev.ce. 

[Example 8 - phosphor particles for FED device] 

. • ,« *ia\ „«ri„m nitrate <o 10 M) and europium nitrate. In the resulting 

[0 098] in aflask were mixed under stirring urea t o 220-C under stirring so as to 

mixture was dispersed a powdery tin oxide (1 £ g) The JS. was aispe rsed. Subsequently, 

melt urea. There was obta.ned a uniform molten l.qu.d n ^ h "^^J solid product (foamed solid product) 

5SST £SS£ « -S5&- - — * to - — 

!!<*» responding to the eforem.ntioned (9) phosphor pertio.es for FED de-nee. 
[Example 9 - phosphor pnrtioles lor PDP device] 
.naffasKweremlxedunderst^ 

Lurn acetate (0.002 M) ^^^^^ ~H ™ * 

g). The resulting mixture was heated to 220 C under ^stimng so „ „ fe heated to 450-0, to 

nquid in which the powdery aluminum °-de was d *mm± P"***- — the " fired * 

^n™ C2S=^Si nJat 1 .000-1 ,300-C under gas atmos- 

phere ?o gi^e coaTed particles (core material: A. 2 0 3 , coating material: 

[Example 1 0 - phosphor particles for PDP device] 

,„ an«. ixed onder stirring un» (1 .5 ^rff.^-- "° 

Lriuri eoetate ,0.004 M) end tefciorn ^ in me n^teSS^. W L o.tled . unseen m»».n 
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solidify the molten liquid. The resulting solid product (foamed solid product) was pulverized carefully and then fired at 
1 ,000-1 ,300°C under Ng/Hg gas atmosphere, to give coated particles (core material: Al 2 0 3l coating material: 
CeMgAI^O^Tb 3 *). 

[0103] Separately, the same procedures were repeated except for using Y 2 0 3 , AIN, ALON or YAG as core material, 
s to give coated particles corresponding to the aforementioned (6) phosphor particles for PDP device. 

[Example 11 - phosphor particles for PDP device] 

[01 04] In a flask were mixed under stirring urea (1 .5 M), aluminum nitrate (0.048 M), barium acetate (0.004 M) and 
10 manganese nitrate. In the resulting mixture was dispersed a powdery aluminum oxide (10 g) . The resulting mixture 
was heated to 220°C under stirring so as to melt urea- There was obtained a uniform molten liquid in which the powdery 
aluminum oxide was dispersed. Subsequently, the molten liquid is heated to 450°C, to solidify the molten liquid. The 
resulting solid product (foamed solid product) was pulverized carefully and then fired at 1 ,000°C under atmospheric 
condition. Thus fired product was further fired at 1 ,000-1 ,300° C under Ng/H^ gas atmosphere, to give coated particles 
15 (core material: Al 2 0 3 , coating material: BaAI 12 0 19 :Mn 2+ ). 

[0105] Separately, the same procedures were repeated except for using Y 2 0 3 , AIN, ALON or YAG as core material, 
to give coated particles corresponding to the aforementioned (6) phosphor particles for PDP device. 

[Example 12 - phosphor particles for PDP device] 

20 

[0106] In a flask were mixed under stirring urea (1 .5 M), yttrium nitrate (0.02 M), boric acid (0.002 M) and europium j 
nitrate. In the resulting mixture was dispersed a powdery aluminum oxide (10 g). The resulting mixture was heated to 
220°C under stirring so as to melt urea. There was obtained a uniform molten liquid in which the powdery aluminum 
oxide was dispersed. Subsequently, the molten liquid is heated to 450° C, to solidify the molten liquid. The resulting 
25 solid product (foamed solid product) was pulverized carefully and then fired at 1 : 000°C under atmospheric condition. 
Thus fired product was further fired at 1,000-1 ,300°C under H^H Z gas atmosphere, to give coated particles (core 
material: Al 2 0 3 , coating material: YBO a :Eu 3+ ). 

[0107] Separately, the same procedures were repeated except for using Y 2 0 3 , AIN, ALON or YAG as core material, 
to give coated particles corresponding to the aforementioned (6) phosphor particles for PDP device. 

[Example 13 - single layer-coated particles] 

[0108] In a molten composition of urea, zinc nitrate and saccharose was dispersed powdery yttrium oxide. The re- 
sulting molten dispersion was heated to decompose a portion of the molten composition, resulting in a solid product 
35 (i.e., coated particle precursor). The solid product was then fired under oxidative atmosphere to remove decomposed 
organic material, to give uniformly coated particles (core material: Y 2 0 3 , coating material: ZnO). 
[01 09] Separately, the same procedures were repeated except for using Y 2 0 3 , Al 2 0 3 , YAG, ALON, Si 3 N 4 , or SIALON 
as core material and using Y(NO a ) 3 , Zn(NQ 3 ) 3 , or AI(N0 3 ) 3 as metal salt, to give coated particles having the following 
constitution. 

40 Core material: Y 2 0 3 , Al 2 0 3 , YAG, ALON, Si 3 N 4 , SIALON 

Coating material: Y 2 0 3 , ZnO, Al 2 0 3 
[01 10] Separately, the same procedures were repeated except for using BN, GaN, or AIN as core material and using 
Al (N0 3 ) 3 , Y (N0 3 ) 3 , Ga (N0 3 ) 3> ln(NO a ) 3 , or H 3 B0 3 as metal salt, to give coated particles having the following con- 
stitution. 

45 Core material: BN, GaN, AIN 

Coating material: BN, GaN, AIN, InN, ALON, YALON 

[Example 1 4 - protecting layer-coated particles] 

so [01 1 1] In a molten composition of urea and boric acid was dispersed powdery graphite. The resulting molten disper- 
sion was heated to decompose a portion of the molten composition, resulting in a solid product (i.e., coated particle 
precursor). The solid product was then fired under N 2 gas or NH 3 gas atmosphere to remove decomposed organic 
material, to give coated particles (core material: graphite, coating material: BN) . The coating layer served as a protecting 
layer. 

55 [0112] Separately, the same procedures were repeated except for using oxidation-accelerating material such as 
MoS 2 or WS 2 as core material, using a material which is not converted into carbide upon contact with carbon under 
heating such as AI(N0 3 ) 3 , Y(N0 3 ) 3 , or Zn(N0 3 ) 3 , as metal nitrate, and optionally using saccharose, to give coated 
particles having the following constitution. 
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Core material: MoS 2 , WS 2 , etc. 
Coating material: Al 2 0 3 , Y 2 O s , ZnO, etc. 

[Example 1 5 - phosphor particles for EL device, according to the second method] 
I01 13, Urea (108.8 g) and ynriumnitra^ 

compound precursor). The metal compound P^^^^^^^^^m^, median diameter: 
compound precursor was added manganese-act^ ^nc so £ . mixture . ^ unrfo rm 

2 „m 20 g). The resulting mixture was well m.xec Mn^ a Jb* m,H Jor 6 hours^ g ^ ^ 

-ova. the coated partc.es prepay ^^Z^^^^X 

2 fo,,owin9 dUion e,ectro,umi " 

nescence (EL) devices which are disclosed in PCT/JP02/03226. 

• ~~«^rioin« a hack face sheet a light-transmitting back electrode, a 
(I) A dispersion electroluminescence dev.ce composing a back JJ^JS. persed in a dielectric material phase, 
light-emitting layer comprising ^ order, wherein the back 

a light-transmitting front electrode, and • ^^^^SSK "aver shows a light-scattering property, 
face sheet shows a light-scattenng WJ^taSSST™ aLck electrode, a light-emitting layer 

with an outer coat layer. ^^.nr, a h *ek face sheet a back electrode, a light-scattering or 

( ,„) A dispersion electroluminescence ^« J^^Efr^ light-emitting particles dispersed in 

non light-scattering, light-emitt.ng la V er w £ ,ch c °^^^^ 

a dielectric materia, phase, . W*™^***^^ mate P rial particle coated with 

in order, wherein the electroluminescence light-emitting particle comprise 

a phosphor layer. ^ mnr ,*, nn » hack face sheet, a light-transmitting back electrode, a 

(IV) A dispersion electroluminescence device com P" s '" g * in a dielectric material phase, 
ight-emitting layer comprising electroluminescent Mght^ 

a light-transmitting front electrode, and a hght-transm.ttng ^'^^^S^acUon layer which comprises 
facJ sheet shows tight reflection by a ^ o^gh^asSon a refractive index of 

,i9 ™ 9 toyertoward 

a front side enters the light-scattering, high refraction fight-transmitting back electrode, an 

(V) A dispersion electroluminescence dev,ce ^^^S^^ightSmitting particles dispersed in a di- 
eiictroluminescence light-emitting ^Z^^^^ Z^^^ng front protecting film arranged 
electric material phase, a light-transmrtt.ng front electrode and ^a "jg^JJon sheet which comprises as main 
in order, wherein the back face sheet ^^^^^^^SSTm refractive index of the electrolumi- 
component a materia, having a Lten aTplaced between the light-emitting layer and the 
— e 'SiTSfS -e X 2 SS — < by the electro.uminescence ,ight-em*ting 
layer toward a back side enters the back face sheet. electrode, a back insulating 
(Jo A dispersion electroluminescence ^e -mpris^g jJ^liSS^ light-emitting partides 
material layer, an electrolum.nescence ^^^SaTrSSrfSr^. a light-transmitting front protecting film 
dispelled in a dielectric matenal phase, a I 9ht-tra^.tor* f ron « "JJJ^Li » h refraction , inS ulating material 
arranged in order, wherein the back insula ng matenal *^ m J*££™L G ^ 80 % or higher based on a re- 
layer which comprises as mam component a matenal ^9 a ^ emitted b the electrolu . 
tractive index of the electroluminescence light-emitting layer, ana w /« or m a 

(VII) A dispersion electroluminescence device » m P™'"^"* '^ece lioht-emittinq penlcles dispereed In a 
^^^^^^^^^^ - -— • - > ■*«- 
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mitting front protecting film arranged in order wherein the back face sheet shows light reflection by a light-scattering 
effect, the front insulating material layer is a light-scattering, high refraction, insulating material layer which com- 
prises as main component a material having a retractive index of 80% or higher, based on a refractive index of 
tne electroluminescence light-emitting layer, and 40% or more of a light emitted by the electroluminescence light- 

5 emitting layer toward a front side enters the front insulating material layer. 

(VIII) A dispersion electroluminescence device comprising a back face sheet, a back electrode, a back insulating 
material layer, an electroluminescence light-emitting layer comprising electroluminescence light-emitting particles 
dispersed in a dielectric material phase, a light-transmitting front electrode, and a light-transmit ring front protecting 
film arranged in order, wherein the back insulating material layer has a thickness of 10 jxm or more and is a light- 

10 scattering, high refraction, insulating material layer having a diffuse reflectance of 50% or higher. 

[01 15] The preferred embodiments of the above-described electroluminescence devices are described below. 
[01 16] For the EL device of (I) above, the following embodiments are preferred. 

15 (1) The electroluminescence particle is a phosphor particle coated with an coating layer (e.g., a dielectric material 

layer). 

(2) The outer coating layer of the electroluminescence particle has a refractive index of 65% or higher based'on 
a refractive index of the phosphor particle of the light-emitting layer. 

(3) The outer coating layer of the electroluminescence particle has a refractive index of 75% or higher based on 
20 a refractive index of the phosphor particle of the light-emitting layer. 

(4) The dielectric material phase of the light-emitting layer has a refractive index of 65% or higher based on a 
refractive index of the phosphor particle. 

(5) The dielectric material phase of the light-emitting layer has a refractive index of 75% or higher based on a 
refractive index of the phosphor particle. 

25 (6) The light-transmitting front electrode is a light-transmitting electrode having a high refractive index. 

(7) The particle size of the electroluminescence light-emitting particle is in the range of 30 nm to 5 urn. 

(8) The dielectric material layer comprises inorganic or organic fine particles dispersed in an organic polymer. 

(9) A relationship between the radius of the electroluminescence light-emitting particle and the thickness of the 
coating layer of the particle is as follows: 

30 

(r-d)/r < (njj/n^xl.2 

. 

wherein r is a radius of the light-emitting particle, d is the thickness of the coating layer, n 2 is a refractive index of 
35 the dielectric material layer of the light-emitting layer, and n 1 is a refractive index of the phosphor layer of the light- 

emitting particle. 

(10) The phosphor of the electroluminescence light-emitting particle is a phosphor emitting a blue light, and there 
is placed a phosphor layer (which converts the blue light into green light, red light, or white light) between the light- 
transmitting front electrode and the light-transmitting front protecting film. 

40 (11) The phosphor of the electroluminescence light-emitting particle is a phosphor emitting a ultraviolet light, and 

there is placed a phosphor layer (which converts the ultraviolet light into blue light, green light, red light, or white 
light) between the light-transmitting front electrode and the light-transmitting front protecting film. 
(12) The phosphor layer placed between the light-transmitting front electrode and the light-transmitting front pro- 
tecting film is a light-scattering phosphor layer. 

45 (13) The phosphor of the electroluminescence light-emitting particle is a phosphor emitting a blue light, a green 

light, an orange light or a red light. 

(14) The phosphor of the electroluminescence light-emitting particle is a phosphor emitting a white light. 

(15) There are placed a color filter layer and/or an ND filter layer between the light-transmitting front electrode and 
the light-transmitting front protecting film. 

so 

[0117] For the EL device of (II) above, the following embodiments are preferred. 

(1) The dielectric material phase comprises an organic polymer, or comprises inorganic or organic fine particles 
dispersed in an organic polymer. 
55 (2) The light-emitting layer is a light-scattering layer. 

(3) The back electrode is a light-transmitting electrode, and the back face sheet shows a light-scattering reflective 

property. 

(4) The outer dielectric material layer of the electroluminescence light-emitting particle has a refractive index of 
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65% or higher based on a refractive index of the phosphor layer of the light-emitting particle. 

(5) The outer dielectric material layer of the electroluminescence light-emitting particle has a refractive index of 
75% or hiqher based on a refractive index of the phosphor layer of the light-emitting particle. 

(6) The dielectric material phase of the light-emitting layer has a refractive index of 65% or higher based on a 
refractive index of the phosphor layer of the light-emitting particle. 

(7) The dielectric material phase of the light-emitting layer has a refractive index of 75% or higher based on a 
refractive index of the phosphor layer of the light-emitting particle. In this case, the material of the dielectnc material 
phase is not limited to an organic polymer and can be an inorganic material or an organic-inorganic complex 
material (including nano-composite material). 

(8) The back electrode is a light-transmitting electrode, the back face sheet is a light-scattenng, high refraction 
reflective sheet which comprises as main component a material having a refractive index of 80% or higher based 
on a refractive index of the phosphor layer of the electroluminescence light-emitting particle, and the refractive 
index of material placed between the electroluminescence light-emitting particles and the back face sheet is ad- 
justed, whereby 40% or more of a light emitted by the electroluminescence light-emitting particles toward a back 
side enters the back face sheet. 

(9) The back electrode is a light-transmitting electrode, the back face sheet shows a light-scattering reflective 
oroDertv a light-scattering, high refraction layer comprising as main component a material having a refractive index 
of 80% or higher based on a refractive index of the phosphor layer of the electroluminescence light-emitting particle 
is Dlaced between the front electrode and the front protecting film, and a refractive index of material placed between 
the electroluminescence light-emitting particles and the light-scattering, high refraction layer is adjusted, whereby 
40% or more of a light emitted by the electroluminescence light-emitting particles toward a front side enters the 
liaht-scattering, high refraction layer. 

(10) The particle size of the electroluminescence light-emitting particle is in the range of 30 nm to 5 jim. 

(11) A relationship between the radius of the electroluminescence light-emitting particle and the thickness of the 
coating layer of the particle is as follows: 



(r-dyrsOVn^xl^ 



wherein r is a radius of the light-emitting particle, d is the thickness of the coating layer, n 2 is a refractive index of 
the dielectric material layer of the light-emitting layer, and n n is a refractive index of the phosphor layer of the light- 

M2)TnedteS«ic material particle inside of the electroluminescence light-emitting particle has a dielectric constant 

of three times or more the dielectric constant of the phosphor layer of the light-emitting particle. 

M3> The ohosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a blue 

light and there is placed a phosphor layer (which converts the blue light into green light, red light, or white light) 

between the light-transmitting front electrode and the light-transmitting front protecting film. 

f 1 4) The phosphor layer of the electroluminescence light-emitting particle comprises phosphor emitting a ultraviolet 

light and there is placed a phosphor layer (which converts the ultraviolet light into blue light, green light, red light, 

or white light) between the light-transmitting front electrode and the light-transmitting front protecting film. 

(15) The phosphor layer placed between the light-transmitting front electrode and the light-transmitting front pro- 
tecting film is a light-scattering phosphor layer. 

(1 6) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a blue 
light, a green light, an orange light, or a red light. 

(17) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a white 

light. 

[0118] For the EL device of (III) above, the following embodiments are preferred. 

(1) The back electrode.is a light-transmitting electrode, and the back face sheet shows a light-scattering reflective 

(^ThTdielectric material phase of the light-emitting layer has a refractive index of 65% or higher based on a 
refractive index of the phosphor layer of the light-emitting particle. 

(3) The dielectric material particle inside of the electroluminescence light-emitting particle has a dielectnc constant 
of three times or more the dielectric constant of the phosphor layer of the light-emitting particle. 

(4) The back electrode is a light-transmitting electrode, the back face sheet is a light-scattenng reflective, high 
refraction sheet which comprises as main component a material having a refractive index of 80% or higher based 
on a refractive index of the phosphor layer of the electroluminescence light-emitting particle, and the refractive 
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index of material placed between the light-emitting particles and the back face sheet is adjusted, whereby 40% or 
more of a light emitted by the electroluminescence light-emitting particles toward a back side enters the back face 
sheet. 

(5) A refractive index of material placed between the light-emitting particles and the back face sheet is adjusted, 
whereby 70% or more of a light emitted by the electroluminescence light-emitting particles toward a back side 
enters the back face sheet. 

(6) Any of materials placed between the electroluminescence light-emitting particles and the back face sheet have 
a refractive index of 80% or higher based on the refractive index of the phosphor layer of the light-emitting particle. 

(7) The back electrode is a light-transmitting electrode, the back face sheet shows a light-scattering reflective 
property, a light-scattering, high refraction layer comprising as main component a material having a refractive index 
of 80% or higher based on a refractive index of the phosphor layer of the electroluminescence light-emitting particle 
is placed between the front electrode and the front protecting film, and a refractive index of material placed between 
the electroluminescence light-emitting particles and the light-scattering, high refraction layer is adjusted, whereby 
40% or more of a light emitted by the electroluminescence light-emitting particles toward a front side enters the 
light-scattering, high refraction layer. 

(8) A refractive index of material placed between the electroluminescence light-emitting particles and the light- 
scattering, high refraction layer is adjusted, whereby 70% or more of a light emitted by the electroluminescence 
light-emitting particles toward a front side enters the light-scattering, high refraction layer. 

(9) Any of layers and materials placed between the phosphor layer of the electroluminescence light-emitting par- 
ticles and the light-scattering, high refraction layer have a refractive index of 80% or more based on the refractive 
index of the light-emitting layer. 

(10) Any of layers and materials placed between the phosphor layer of the electroluminescence light-emitting 
particles and the light-scattering, high refraction layer have a refractive index of 95% or more of the refractive index 
of the light-emitting layer. 

(11) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a blue 
light, and there is placed a phosphor layer (which converts the blue light into green light, red light, or white light) 
between the light-transmitting front electrode and the light-transmitting front protecting film. 

(12) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a ultra- 
violet light, and there is placed a phosphor layer (which converts the ultraviolet light into blue light, green light, red 
light, or white light) between the light-transmitting front electrode and the light-transmitting front protecting film. 

(13) The phosphor layer placed between the front light-transmitting electrode and the light-transmitting front pro- 
tecting film is a light-scattering phosphor layer. 

(14) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a blue 
light, a green light, an orange light, or a red light. 

(15) The phosphor layer of the electroluminescence light-emitting particle comprises a phosphor emitting a white 
light. 

(16) The light-scattering, high refraction back face sheet comprises a ceramic material. 

(17) The light-scattering, high refraction back face sheet is a composite of a glass sheet and a light-scattering, 
high refraction layer. 

(18) There are placed a color filter layer and/or an ND filter layer between the light-transmitting front electrode and 
the light-transmitting front protecting film. 

[0119] For the EL device of (IV) above, the following embodiments are preferred. 

(1) An insulating material layer is placed between the electroluminescence light-emitting layer and the light-trans- 
mitting front electrode and/or the light-transmitting back electrode. 

(2) The light-scattering, high refraction layer comprises as main component a material having a refractive index 
of 95% or higher, based on a refractive index of the electroluminescence light-emitting layer, and a refractive index 
of material placed between the light-emitting layer and the light-scattering, h igh refraction layer is adjusted, whereby 
70% or more of a light emitted by the light-emitting layer toward a front side enters the light-scattering, high re- 
fraction layer. 

(3) The light-scattering, high refraction layer comprises as main component a material having a refractive index 
of 99% or higher, based on a refractive index of the electroluminescence light-emitting layer, and a refractive index 
of material placed between the light-emitting layer and the light-scattering, high refraction layer is adjusted, whereby 
85% or more of a light emitted by the light-emitting layer toward a front side enters the light-scattering, high re- 
fraction layer. 

(4) The non light-transmitting back face sheet showing light reflection by a light-scattering effect comprises a ce- 
ramic material. 
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(5) The non light-transmitting back face sheet showing light reflection by a light-scattering effect is a composite of 
a qlass sheet and a light-scattering high refraction layer. 

rf^The electroluminescence light-emitting layer comprises a phosphor emitting a visible light. 

I?! The elect luminescence Ngnf-emitting layer comprises two or more phosphor layers having different color 

^ a^ac^cS iL^^tt^SXZ '^-scattering, hfch refraction ,ayer 

SeV whteh absorbs the ultraviolet light and emits a visible light is p.aced on the front side of the hght-scattenng, 

fSJ Th^trSnescence light-emitting .ayer comprises a phosphor emitting a ultra-violet light and the light- 
icattlSng Wgh refraction layer is a light-scattering, high refraction layer which absorbs the ultra-volet hght and 

m^The^ light-emitting layer comprises a phosphor emitting a blue Hght, and there is placed 

a phlsphor llyt (which converts the blue light into green light, red light, or white light) on the front s.de of the 

S ^ S!S5^2T Remitting .ayer comprises a phosphor emitting a blue light, and the ,ight-scat- 
terina high refraction layer is a light-scattering, high refraction phosphor layer which absorbs the blue light and 
emits green light, red light, or white light 

[0120] For the EL devices of (V) to (VII) above, the following embodiments are preferred. 

(1) An insulating material layer is placed between the electroluminescence light-emitting layer and the light-trans- 
mittinn front electrode and/or the light-transmitting back electrode. 

XwEZEw. high refraction layer which comprises as main component a material having a refractive index 
of 80% or higher based on a refractrve index of the electroluminescence light-emitting layer ,s further placed be- 
SLeen the Hoht-t ansmitting front electrode and the front protecting film, and the refractive .ndex of material placed 
Seen the I ght-emitting layer and the light-scattering, high refraction layer is adjusted, whereby 40% or more 
of Tnjht emitted by the electroluminescence light-emitting layer toward a front side enters the hght-scattenng, 

S) The" SscaSring, high refraction layer comprises as main component a materia, having a refractive index 
S 95V ofh qher based on a refractive index of the electroluminescence light-emitting layer, and the refractive 
lex of mSal placed between the light-emitting layer and the light-scattering, high refraction layer is adjusted. 

70% or more of a light emitted by the light-emitting layer toward a front side enters the Hght-scattenng. 

SfThTiSSc'attering. high refraction layer comprises as main component a material having a refractive index 
« «£ or higher based on a refractrve index of the electroluminescence iight-emitting .ayer. and the refract^ 
1 Jx of material placed between the light-emitting layer and the light-scattering, high refraction layer is adjusted, 
^ereoy 85°! or more of a light emitted by the light-emitting .ayer toward a front side enters the iight-soattenng. 

I^The' backf a'cJsheet is a light-scattering reflective, high refraction sheet which comprises as main component 
a mlteriatrav^g a refractive Lex of 95% or higher based on a refractive index of the e^m.umjnescence light- 
em^ no MavT and the refractive index of materia, p.aced between the light-emitting layer and the back face sheet 
Z ^dJuftLTlereby 70% or more of a light emitted by the electroluminescence light-emitting particles toward a 

hark <*ide enters the back face sheet. . 
? 6 T^he back face sheet is a light-scattering reflective, high refraction sheet which comprises as mam component 
a mlteria?nav^g a refractive index of 99% or higher based on a refractive index of the electroluminescence l.ght- 
enSnaCerand the refractive index of any material placed between the light-emitting layer and the back face 
Teet^ Sed whereby 85% or more of a light emitted by the electroluminescence light-em.tt.ng particles toward 

a back side enters the back face sheet. 

m The back face sheet comprises ceramic material. 

2 The back face sheet is a composite of a glass sheet and a light-scattering, h.gh refraction layer. 
<n The electroluminescence light-emitting layer comprises a phosphor emitting a visible light, 
fo^he e^ 'ayer comprises two or more phosphor layers havng d.fferent color 

L icq from each other which are placed in areas separated from each other. 

JSTtX! arfpS a color fitter layer and/or an ND filter layer between the light-transmitting front electrode and 
5X ^Tec^ layer comprises a phosphor emitting a ultra-violet light, and a phosphor 
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layer absorbing the ultra-violet light and emitting a visible light is placed on the back side of the light-transmitting 
protecting film. 

(13) The electroluminescence light-emitting layer comprises a phosphor emitting a ultra-violet light, and a light- 
scattering phosphor layer absorbing the ultra-violet light and emitting a visible light is placed on the back side of 
the light-transmitting protecting film. 

(14) The electroluminescence light-emitting layer comprises a phosphor emitting a blue light, and a phosphor layer 
absorbing the blue light and emitting a green light, a red light or a white light is placed on the back side of the light- 
transmitting protecting film. 

(15) The electroluminescence light-emitting layer comprises a phosphor emitting a blue light, and a light-scattering 
phosphor layer absorbing the blue light and emitting a green light, a red light, or a white light is placed on the back 
side of the light-transmitting protecting film. 

(16) The electroluminescence light-emitting layer is a thin film phosphor layer, or a phosphor particle-dispersed 
layer comprising phosphor particles dispersed in a dielectric material layer having a refractive index of 80% or 
higher based on the refractive index of the phosphor particle. 

[0121] For the EL device of (VIII) above, the following embodiments are preferred. 

(1) The diffuse reflectance of the back insulating material layer is 70% or higher. 

(2) The diffuse reflectance of the back insulating material layer is 90% or higher. 

(3) The thickness of the back insulating material layer is in the range of 10 to 1 00 urn. 

(4) The electroluminescence light-emitting layer comprises a phosphor emitting a visible light. 

(5) The electroluminescence light-emitting layer comprises two or more phosphor layers having different color 
hues from each other which are placed in areas separated from each other. 

(6) There are placed a color filter layer and/or an ND filter layer between the light-transmitting front electrode and 
the light-transmitting protecting film. 

(7) The electroluminescence light-emitting layer comprises a phosphor emitting a ultra-violet light, and a phosphor 
layer absorbing the ultra-violet light and emitting a visible light is placed on the back side of the light-transmitting 
protecting film. 

(8) The electroluminescence light-emitting layer comprises a phosphor emitting a ultra-violet light, and a light- 
scattering phosphor layer absorbing the ultra-violet light and emitting a visible light is placed on the back side of 
the tight-transmitting protecting film. 

(9) The electroluminescence light-emitting layer comprises a phosphor emitting a blue light, and a phosphor layer 
absorbing the blue light and emitting a green light, a red light or a white light is placed on the back side of the light- 
transmitting protecting film. 

(1 0) The electroluminescence light-emitting layer comprises a phosphor emitting a blue light, and a light-scattering 
phosphor layer absorbing the blue light and emitting a green light, a red light, or a white light is placed on the back 
side of the light-transmitting protecting film. 

[0122] The constitutions of the above-mentioned electroluminescence devices are described below in more detail, 
by referring to the attached drawings which illustrate their representative constitutions. 

[0123] In the present specification, the term of high refraction means that the refractive index is 80% or higher (pref- 
erably 95% or higher, more preferably 99% or higher) based on the refractive index of the dielectric material phase in 
the light-emitting layer. The material or layer having the high refractive index means a material or a layer is a material 
or a layer having such a high refractive index. 

[0124] Fig. 11 shows a representative constitution of the dispersion EL device of (I) above. The EL device comprises 
a back light-transmitting electrode 32b, a light-emitting layer, a front light-transmitting electrode 32a, and a light-trans- 
mitting protecting film 37 (or a wavelength-converting phosphor layer, a color filter layer, or their combination) laid on 
an opaque back face substrate 31b showing light-scattering reflection. The light-emitting layer comprises phosphor 
particles 33 (particle size generally is in the range of 30 nm to 5 jxm, preferably 50 nm to 2 u.m) dispersed in a dielectric 
material phase 35, and shows a light-scattering property. 

[0125] By applying an alternating voltage (several tens V to several hundreds V : frequency 30 Hz to 10 KHz, the 
waveform is optional but preferably is a sine wave) between the light-transmitting electrode 32a arranged on the front 
side (lower side in the figure) and the light-transmitting back electrode 32b, the light-emitting layer emits a light under 
electric field. The emitted light is extracted through the front protecting film 37. There may be provided various auxiliary 
layers between the layers of the EL device. Such modification can be applied to the EL devices of the constitutions 
described below. 

[0126] Fig. 12 shows an alternative representative constitution of the dispersion EL device of (I) above. The EL 
device comprises a light-transmitting back electrode 32b, a light-emitting layer, a light-transmitting front electrode 32a, 
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and a light-transmitting protecting film 37 (or a wavelength-converting phosphor layer, a color filter layer, or their com- 
bination) laid on an opaque back face substrate 31b showing light-scattering reflection. The light-emitting layer com- 
prises complex phosphor particles composed of phosphor particles 33 (particle size generally is in the range of 30 nm 
to 5 |xm, preferably 50 nm to 2 nm) coated with a coating layer 40 (layer thickness generally is in the range of 1 00 nm 
5 to several tens pm) dispersed in a dielectric material phase 35 (preferably comprising an inorganic material, or a 
complex material comprising inorganic fine particles placed in an organic material), and shows a light-scattering prop- 

erty. _ 

[0127] Fig. 1 3 shows a representative constitution of the dispersion EL device of (II) above. The EL device comprises 
a light-transmitting back electrode 52b, a light-emitting layer, a light-transmitting front electrode 52a, and a light-trans- 

io mitting protecting film 57 laid on a back light-reflecting-layer (or light reflecting substrate) 51 b. The light-emitting layer 
comprises complex phosphor particles composed of dielectric material cores (in the spherical form or in different form) 
60b coated with a phosphor layer (thickness generally is in the range of 30 nm to 50 nm : preferably 50 nm to 2 ujt») 
which is further coated with a coating layer 60a dispersed in a high dielectric constant-organic polymer phase 55, and 
shows a light-scattering property. 

15 [0128] By applying an alternating current between the light-transmitting electrode 52a arranged on the front side 
(lower side in the figure) and the light-transmitting back electrode 52b, the light-emitting layer emits a light under electric 
field. The emitted light is extracted through the front protecting film 57. 

[0129] The high dielectric constant-organic polymer employed in the above-described constitution can be a high 
dielectric constant-cyanoethylated cellulose resin (cyanoethylated cellulose, cyanoethylated hydroxycellulose, cya- 
20 noethylated pullulan, etc.), and may comprise high dielectric constant-super fine particles (diameter: several nm to 
several ujn) of BaTi0 3 , SrTi0 3 , Ti0 2 , Y 2 0 3 or the like dispersed in a polymer (having not so high dielectric constant) 
such as styrene resin, silicone resin, epoxy resin, or fluorinated vinylidene resin. 

[01 30] Fig. 1 4 shows a representative constitution of the dispersion EL device of (1 1 1) above. The EL device comprises 
a light-transmitting back electrode 52b having a high refractive index, a light-emitting layer, a light-transmitting front 

25 electrode 52a, and a light-transmitting protecting film 57 (or a wavelength -converting phosphor layer, a color filter layer, 
or their combination) laid on a light- reflective, high refraction back layer (which may serve a substrate) 51b. The light- 
emitting layer comprises complex phosphor particles composed of spherical dielectric material core 60b coated with 
a phosphor layer 53 (layer thickness generally Is in the range of 30 nm to 5 ujn, preferably 50 nm to 2 ujn) dispersed 
in a high refraction, high dielectric constant medium phase 60c (preferably comprising an inorganic material, or a 

30 complex material comprising inorganic super-fine particles placed in an organic material). 

[0131] Fig. 1 5 shows a constitution of the dispersion EL device of (IV) above. The EL device of Fig. 15 comprises a 
light-transmitting back electrode (ITO, thickness: 0.01 - 20 u.m) 122b, a light-emitting layer comprising phosphor par- 
ticles dispersed and supported in a dielectric material phase (thickness: 2 - 50 pm, preferably 5 - 20 \im, different 
phosphors emitting lights of color hues of R, G and B are placed in divided areas) 123, a light-transmitting front high 

35 refraction electrode 122a, a light-scattering, high refraction layer (thickness 1 - 50 jtm) 125, a color filter layer (R, G, 
B) 126, and a light-transmitting protecting layer 127 are arranged in order on (under, in Fig. 15) a high light-scattering 
reflective ceramic substrate (opaque back face sheet) 1 21 placed on the back side (side opposite to the side on which 
a light emitted in the device is extracted). In the EL device of Fig. 15, the layers other than the ceramic substrate 121 
on the back side are essentially light-transmitting layers or opaque layers capable of transmitting a certain amount of 

40 light. 

[0132] The opaque back face sheet 121 can comprise a glass sheet and an opaque layer laid on the glass sheet. 
[0133] By applying an alternating voltage between the light-transmitting electrode 122a arranged on the front side 
(lower side in the figure) of the dispersion EL device of Fig. 15 and the back electrode 112b, the light-emitting layer 
123 emits a light under electric field. The emitted light is extracted through the front protecting film 127. 

45 [0134] Fig. 1 6 shows another constitution of the dispersion EL device of (IV) above. The EL device of Fig. 1 6 com- 
prises a light-transmitting back electrode (ITO, thickness: 0.01 - 20 \ixr\) 1 32b, a back insulating material layer (thickness: 
0 3 - 100 u.m) 134b, a light-emitting layer 133 comprising phosphor particles dispersed and supported in a dielectric 
material phase, a light-transmitting front electrode 1 32a, a light-scattering, high refraction layer (thickness 0.3 - 20 ujn) 
135 a color filter layer (R, G, B) 136, and a light-transmitting protecting layer 137 are arranged in order on a high light- 

50 scattering reflective ceramic substrate 131 placed on the back side. In the EL device of Fig. 16, the layers other than 
the ceramic substrate 131 on the back side are essentially light-transmitting layers or opaque layers capable of trans- 
mitting a certain amount of light. 

[0135] Fig 1 7 shows a further constitution of the dispersion EL device of (IV) above. The EL device of Fig. 17 com- 
prises a light-transmitting back electrode (ITO, thickness: 0.01 - 20 \xm) 142b, a light-emitting layer 143 comprising 
55 phosphor particles dispersed and supported in a dielectric material phase, a light-scattering, high refraction, insulating 
material layer (thickness: 1 - 50 u.m) 145, a light-transmitting high refraction front electrode (thickness 0.01 - 20 u,m) 
142a a color filter layer (R, G, B) 146, and a light-transmitting protecting layer 157 are arranged in order on_a high 
light-scattering reflective ceramic substrate 141 placed on the back side. In the EL device of Fig. 17, the layers other 
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than the ceramic substrate 141 on the back side are essentially light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

[0136] Fig. 18 shows a constitution of the dispersion EL device of (V) above. The EL device of Fig. 18 comprises a 
light-transmitting back electrode having a high refractive index (ITO, thickness: 0.01 - 20 u,m) 222b, a light-emitting 
layer comprising phosphor particles dispersed and supported in a dielectric material phase (thickness: 2-50 u.m, 
preferably 5 - 20 jxm, different phosphors emitting lights of color hues of R, G and B are placed in divided areas) 223, 
a light-transmitting front electrode 222a, a color filter layer (R, G, B) 226, and a light-transmitting protecting layer 227 
are arranged in order on a high light-scattering reflective, high refraction ceramic substrate (light-scattering reflective 
back face sheet having a high refractive index) 221 placed on the back side (side opposite to the side on which a light 
emitted in the device is extracted). In the EL device of Fig. 1 8, the layers other than the high refraction ceramic substrate 
221 on the back side are essentially light-transmitting layers or opaque layers capable of transmitting a certain amount 
of light. 

[0137] The light-scattering reflective, high refraction back face sheet 221 can comprise a glass sheet and a light- 
scattering, high refraction layer laid on the glass sheet. 

[0138] By applying an alternating voltage between the light-transmitting electrode 222a arranged on the front side 
(lower side in the figure) and the back electrode 21 2b, the light-emitting layer 223 emits a light under electric field. The 
emitted light is extracted through the front protecting film 227. 

[01 39] Fig. 1 9 shows a constitution of the dispersion EL device of (VI) above. The EL device of Fig. 1 9 comprises a 
light-transmitting, high refraction, back electrode (ITO, thickness: 0.01 - 20 jim) 232b, a high refraction, back insulating 
material layer (thickness: 0.3 - 50 ujti) 234, a light-emitting layer 233 comprising phosphor particles dispersed and 
supported in a dielectric material phase, a light-transmitting front electrode 232a, a color filter layer (R, G, B) 236, and 
a light-transmitting protecting layer 237 are arranged in order on a high light-scattering reflective, high refraction ceramic 
substrate 231 placed on the back side. In the EL device of Fig. 19, the layers other than the high refraction ceramic 
substrate 231 on the back side are essentially light-transmitting layers or opaque layers capable of transmitting a 
certain amount of light. 

[0140] Fig. 20 shows a constitution of the dispersion EL device of (VII) above. The EL device of Fig. 20 comprises 
a light-transmitting, high refraction, back electrode (ITO, thickness: 0.01 - 20 ujti) 242b, a light-emitting layer 243 
comprising phosphor particles dispersed and supported in a dielectric material phase, a high refraction, front insulating 
material layer (thickness: 0.3 - 1 u,m) 244a, a light-transmitting, high refraction front electrode (thickness: 0.01 - 20 ujti) 
242a, a color filter layer (R, G, B) 246, and a light-transmitting protecting layer 247 are arranged in order on a high 
light-scattering reflective, high refraction ceramic substrate 241 placed on the back side. Also in the EL device of Fig. 
20, the layers other than the ceramic substrate 241 on the back side are essentially light-transmitting layers or opaque 
layers capable of transmitting a certain amount of light. 

[0141] Fig.21 shows another constitution of the dispersion EL device of (V) above. The EL device of Fig. 21 comprises 
a light-transmitting, high refraction back electrode (ITO, thickness: 0.01 -j 20 |xm) 252b, a light-emitting layer 253 com- 
prising phosphor particles dispersed and supported in a dielectric material phase, a light-transmitting front electrode 
(thickness: 0.01 - 20 urn) 252a, a light-scattering, high refraction layer (thickness: 1-50 ujti) 255, a color filter layer 
(R, G, B) 256, and a light-transmitting protecting layer 257 are arranged in order on a high light-scattering reflective, 
high refraction ceramic substrate 251 placed on the back side. Also in the EL device of Fig. 21 , the layers other than 
the ceramic substrate 251 on the back side are essentially light-transmitting layers or opaque layers capable of trans- 
mitting a certain amount of light. 

[0142] Fig. 22 shows another constitution of the dispersion EL device of (VIII) above. The EL device of Fig. 22 
comprises a back electrode (metal electrode or non light-transmitting electrode) 342, a light-scattering reflective, high 
refraction, insulating material layer having a diffusion reflectance of 50% or more (thickness: 1 0 - 1 00 ujti) 343, a light- 
emitting layer comprising phosphor particles dispersed and supported in a dielectric material phase (thickness: 2-50 
ujti, preferably 5-20 ujti, different phosphors emitting lights of color hues of R, G and B are placed in divided areas) 
344, a light-transmitting front electrode 346, a color filter layer (R, G, B) 347, and a light-transmitting protecting layer 
348 are arranged in order on a transparent or opaque substrate 341 made of glass, metal or ceramic placed on the 
back side (side opposite to the side on which a light emitted in the device is extracted). In the EL device of Fig. 22, the 
layers other than the back substrate 341, the back electrode 342 and the light-scattering reflective, high refraction, 
insulating material layer 343 on the back side are essentially light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

[0143] By applying an alternating voltage between the light-transmitting electrode 346 arranged on the front side 
(lower side in the figure) and the back electrode 342, the light-emitting layer 344 emits a light under electric field. The 
emitted light is extracted through the front protecting film 348. 

[0144] Fig. 23 shows a constitution of a mufti-color image-displaying dispersion EL device having a composite of 
plural light-emitting layers according to the invention. This EL device comprises a light-transmitting back electrode 
(ITO, thickness: 0.01 - 20 ujti) 642a, a first light-emitting layer comprising phosphor particles dispersed and supported 
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layer 648 » re arangeo opposite lo the side on which a light emitted In the devide te extracted), la the 

« he?».a P ,ha bach ceremic sob.trete 64, er. .seen,*,., ilgm-t^emWng !««. cr 

epaqa. layenr c^ble of fining a layer 643 ernes . IgM uad.r elecWc Held, by applying 

■ 014 f ! ^l^wwee^igM^^^^^ and the lighl-transmtdlng eleOrod. 642b. In the 

,a alternating ^^^JT"^ „ ™ , , g „, Ler .i^c ,ie,d, by applying an alternating voltage between the 
^J^n?SSn^^J^ht4nU«n, electrode 642c. and the ligbwmWng layer 646 em,* a light 
laht-rranernidingaecrro a „ am " atln - voltage between the light-transmitting electrode 642d and the aght- 

ZSZtt^^2££E*Jl, voltage in an oP«ona, way, .tedesfred Ifch.-emlssion ietahen 

™SmS ele^deThe EL devicl can have various auxiliary layer, such ae a butler laye, between the 

SSn*^ 24shows another constitution of a multi-color image-displaying dispersionEL ^^W*™^* 
[0148] Fig.^Asnowsem«"i«i f u A imifl „ti ft n ThiQ pi device comprises a light-transmitting back electrode 

of plura. .ight-em,t«ng ^^^^T g combing phTsphor paries dispersed and supported 
(ITO, thickness: 0.01 - 20 urn) 652a ^ a mrst ngnx em g y £ phosphor emitting a light of a color hue of 

i„ a die.ectric materia, p e.ectrode' 652b, a second Ught-emitting layer 
R, G, or B « ^cJSi^ WorJ In a dielectric material phase (thickness: 2 - 50 jun, preferabty 

cornpnsmg f^^^^^^S^ which differs from the color hue of the phosphor placed in the first 
5 - 20 urn, a phosphor emitting a ngm : or a co.o refraction electrode 652c, an insulating material 

anda llght-n.n.mmingpnMeodngtey.,666 .id. under th. b J 
a^n^ra^ 

earn. way. the ^^^anl?^ layer 656 en* a Hglr. 

light-transmitnng electrode 652b and tne ngnr ™ n " nu " n » iinhl.tranamlttino electrode 6S2d and the light- 

transmitting electrode ^^f™'™ „ ™ ^ t0 = art £ Back by each lignbemittlng layer is reflected w«h 
SE^KSEE^ « and a pcmon o, ,he relieved light is M I. ft. -non. 

^"TteliSsoatertng reftectlv.. high refraction sheet 65t can be composed of a glaeesheet and a light-*** 
Eh£— fcyer^ 

• ^£2S?S SSS^^d^^ILion. In more defall, a reiauonshlp bejween a 
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and 20%, respectively. The graph indicates the case, in consideration of a single surface of the light-emitting layer. In 
- the case that a light advances both sides of the light-emitting layer and the light advancing on one side only is extracted, 
the extraction efficiency decreases to a half, unless no reflection on the opposite side is considered. 
[01 52] Materials and sizes of the substrate and various layers constituting the above-described electroluminescence 
5 . devices are described below. 

[Opaque substrate showing light-scattering reflection] 

[01 53] Representative examples of the opaque substrates showing light-scattering reflection are ceramic substrates. 

10 Examples of materials of the ceramic substrates include Y 2 0 3 , Te^Og, BaTa 2 0 6 , BaTi0 3 , Ti0 2 , Sr(2r,Ti)0 3 , SrTi0 3 , 
PbTi0 3 , Al 2 0 3 , Si 3 N 4 , ZnS, Zr0 2 , PbNb0 3 , and Pb(2r,Ti)0 3 . Alternatively, a transparent substrate such as glass sheet 
or a metal substrate coated with a light-scattering reflective layer can be employed. The light-scattering reflective layer 
can be prepared from the materials of the below-mentioned insulating material layer and the matrix components of the 
below-mentioned phosphors, provided that the materials and components have essentially no light absorption in the 

15 utilized wavelength region. The structure is prepared by forming areas (voids or particles having submicron level to 
several micron level) having different refractive indexes in the interior of the layer. The ceramic substrate can be pre- 
pared by heating a screen-printed material to form a sintered material. 

[Glass substrate] 

20 

[0154] The representative examples are non-alkaline glass sheets (sheets of barium borosilicate glass and alumi- 
nosilicate glass). 

[Light-scattering reflective layer] 

25 

[0155] The light-scattering reflective layer can be prepared from the materials of the below-mentioned insulating 
material layer and the matrix components of the below-mentioned phosphors, provided that the materials and compo- 
nents have essentially no light absorption in the utilized wavelength. The structure is prepared by forming areas (voids 
~or particles having submicron level to several micron level) having different refractive indexes in the interior of the layer. 

30 

[Light-transmitting electrode] 

[0156] There are mentioned ITO, ZnO:AI, complex oxides (described in JP-A-1 0-190028), GaN materials (described 
in JPnA-6-150723), Zn 2 ln 2 0 5 , (Zn, Cd, Mg) O- (B,AI,Ga, In, Y) 2 0 3 -(Si, Ge, Sn, Pb, Ti, Zr) 0 2 , (Zn, Cd, Mg) O- (B, Al, 
35 Ba, ln,Y) 2 0 3 -(Si, Sn, Pb) O, material comprising MgO-ln 2 0 3 , and Sn0 2 i materials (described in JPtA-8-262225, JP-A- 
8-264022, and JP-A-8-264023). 

[Phosphors in the light-emitting layer] 
40 [0157] 

UV (UV light-emitting phosphor) : ZnF 2 :Gd 

B (blue light-emitting phosphor) : BaAI 2 S 4 :Eu s CaS:Pb, SrS : Ce, SrS:Cu : CaGa 2 S 4 :Ce 
G (green light-emitting phosphor): (Zn,Mg)S:Mn, ZnS:Tb, F, Ga 2 0 3 :Mn 
45 R (red light-emitting phosphor): (Zn.Mg) S:Mn, CaS : Eu, ZnS:Sm, F, Ga 2 O a :Cr 

[Material for coating phosphor particle] 

[0158] There can be mentioned Y 2 0 3 , Ta^Og , BaTa 2 0 6 , BaTi0 3 , TiO s , Sr(Zr,Ti)0 3 , SrT10 3j PbT»0 3 , AfeC^, Si 3 N 4 , 
50 ZnS, Zr0 2 , PbNb0 3 , and Pb(zr,Ti)0 3 . It is preferred that the material has a high dielectric constant and high resistance 
to dielectric breakdown, and forms an interfacial level on the phosphor particle surface to serve as an electron-supplying 
source. The material can be light-scattering material such as a sintered material, provided that the layer does not 
prominently decrease the dielectric constant of the layer. 



55 



[Material for insulating 
[0159] 
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material layer and insulating material phase of light-emitting layer] 



u — hi^H H.^iprtric constant cyanoethylated cellulose (e.g., cy- 
(1) A nigh die.ectric constant or a dispersion of high 

anoethylated cellulose, cyanoethylated hydroxys rtlutose v ma> cy y Qf Q Tj< - )2 or 

of the layer. 
[Light-transmitting, high refraction electrode] 

material phase in the light-emitting layer. 
[Light-scattering, high refraction layer] 

emitting layer and intermediate layer(s). 
[Insulating material layer] 

10162] There can be mentioned Y 2 0 3 , Ta 2 0 5 , BaTa£e. Brfncj m ^^^^^J^Jn^ 
liJ^nS^SSLuy decrease the die.ectric constant of the layer. 
[Buffer layer] 

„«, . . p»« - « • — - - • — — — w - - ,hm * e 

light-emitting layer and intermediate layer (s) . 

[Front phosphor layer] 

[0164] 

Blue light (B) -emitting phosphor: 

Excitable by UV: Sr 2 P 2 0 7 :Eu. Sr 5 (P0 4 ) 3 C.:EU, SrS : Ce, SrGa^Ce. CaGa 2 S.:Ce 

Green light(G)-emitting phosphor. 

Excitable by UV: BaMg 2 AI 16 0 27 :Eu,Mn, ZnS:Tb 
Excitable by blue light: Y 3 AI 5 0 12 :Ce 

Red light(R)-emrtting phosphor: 

Excitable by UV: Y <PV) 0 4 , YV0 4 :Eu, ZnS:Sm, (Ca, Sr) S:Eu 
Excitable by blue light: (Ca,Sr)S:Eu 
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Light-scattering layer (W): 

Excitable by blue light: Same as those for the production of the light-scattering reflective layer 

[Color filter layers (R, B, G)] 

[0165] a color face plate for CRT, a light-conversion element plate for duplication, a filter for mono-tube color televi- 
sion, a filter for flat liquid crystal panel display, a filter for color solid imaging device, those described in JP-A-8-20161 

[Protecting film] 

[0166] light-transmitting film having a thickness of 1 to 50 urn, which may be provided with such functions as antire- 
flection, anti-staining property and anti-static property. Multi-layered protecting film can be employed. 

Claims 

1 . A method for coating inorganic particles with a metal compound comprising the steps of: 

preparing a dispersion which comprises a metal salt and inorganic particles in a molten organic material which 
takes a solid form at 25°C, is converted into a polar liquid by heating, and decomposes by further heating; 
and 

heating the dispersion, whereby coating the inorganic particles with a metal compound which is converted 
from the metal salt 

2. The method of claim 1 , wherein the organic material is urea or carbohydrazide. 

3. The method of claim 1 , wherein the metal salt is selected from the group consisting of metal nitrates, metal sulfates, 
and metal acetates. 

4. The method of claim 1 , wherein the inorganic particles have a mean particle size in the range of 1 0 nm to 1 00 um. 

5. The method of claim 1 , wherein the inorganic particles comprise an inorganic phosphor or an activated inorganic 
phosphor. 

6. The method of claim 1, wherein the inorganic particles comprises a dielectric material or an electroconductive 
material. 

7. The method of claim 1 , wherein the metal compound is a phosphor or an activated phosphor. 

8. The method of claim 1 , wherein the inorganic particles comprises an inorganic dielectric material or an inorganic 
dielectric material and the metal compound is a phosphor or an activated phosphor. 

9. The method of claim 1 , wherein the inorganic particles comprise an dielectric material and are coated with a phos- 
phor or an activated phosphor and the metal compound is a dielectric material. 

10. The method of claim 1 , wherein the metal compound is selected from the group consisting of metal oxides, metal 
nitrides, metal oxynitrides, metal sulfides, and metal oxysulfides. 

11. The method of claim 1 , wherein the dispersion contains a dopant. 

12. The method of claim 1 , wherein the heating of the second step is performed at a temperature of 150 to 450°C. 

13. The method of claim 1 , wherein the heating of the second step is performed at a temperature of 1 50 to 1 , 500°C. 

14. The method of claim 1 , wherein the heating of the second step is continued until the organic material decomposes. 

15. The method of claim 1 , wherein the heating of the second step is continued until the organic material decomposes 
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and further continued to a temperature of 700 to 1 ,500°C. 

16. Coated inorganic particles prepared by the method of claim 1 . 

17. A method for coating inorganic particles with a metal compound comprising the steps of: 

preparing a first mixture which comprises a metal salt and an organic material which takes a solid form at 
25°C, is converted into a polar liquid by heating, and decomposes by further heating; 

heating the first mixture to produce a precursor of the metal compound dispersed in a denatured organic 
material the precursor being converted from the metal salt; 

preparing a second mixture of the inorganic particles and the precursor dispersed in the denatured organic 

material; 
and 

heating the second mixture, whereby coating the inorganic particles with a metal compound which is converted 
from the precursor. 

18. The method of claim 1 7, wherein the organic material is urea or carbohydrazide. 

19. The method of claim 17, wherein the metal salt is selected from the group consisting of metal nitrates, metal 
sulfates, and metal acetates. 

20. The method of claim 1 7, wherein the inorganic particles have a mean particle size in the range of 1 0 nm to 1 00 urn 

21 . The method of claim 1 7, wherein the inorganic particles comprise an inorganic phosphor or an activated inorganic 
phosphor. 

22. The method of claim 17, wherein the inorganic particles comprises a dielectric material or an electroconductive 
material. 

23. The method of claim 17, wherein the metal compound is a phosphor or an activated phosphor. 

24. The method of claim 1 7, wherein the inorganic particles comprises an inorganic dielectric material, and the metal 
compound is a phosphor or an activated phosphor. 

25. The method of claim 17, wherein the inorganic particles comprise an dielectric material and are coated with a 
phosphor or an activated phosphor and the metal compound is a dielectric material. 

26. The method of claim 1 7, wherein the metal compound is selected from the group consisting of metal oxides, metal 
nitrides, metal oxynitrides, metal sulfides, and metal oxysulfides. 

27. The method of claim 1 7, wherein the first mixture contains a dopant. 

28. The method of claim 17, wherein a dopant is incorporated into the second mixture. 

29. The method of claim 1 7, wherein the heating of the second step is performed at a temperature of 1 50 to 450°C. 

30. The method of claim 1 7, wherein the heating of the fourth step is performed at a temperature of 150 to 1 ,500"C. 

31 . The method of claim 1 7, wherein the heating of the fourth step is continued until the polymerized urea decomposes. 

32. The method of claim 1 6, wherein the heating of the second step is continued until the polymerized urea decomposes 
and further continued to a temperature of 700 to 1 ,500°C. 

33. Coated inorganic particles prepared by the method of claim 1 7. 
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FIG. 5 
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FIG. 21 
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FIG. 25 
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